Abstract: The aim of this study was to investigate the influence of interdental spacing on the performance of proximal caries detection methods in primary molars. In addition, aspects related to temporary tooth separation with orthodontic separators were evaluated. The proximal spaces between the posterior primary teeth (n = 344) of 76 children (4-12 years old) were evaluated before and after temporary separation. Stainless steel strips with different standardized thicknesses were used to measure the presence of biological spacing and the spacing obtained after temporary separation with orthodontic rubber rings. First, the presence of proximal caries lesions was assessed by visual inspection, bitewing radiographs and a pen-type laser fluorescence device (DIAGNOdent pen). Visual inspection after temporary separation with separators was the reference standard method in checking the actual presence of caries. Multilevel analyses were performed considering different outcomes: the performance of the methods in detecting caries lesions and the spacing after temporary separation. The spacing did not influence the performance of the caries detection methods. The maximum spacing obtained with temporary tooth separation was 0.80 mm (mean ± standard deviation = 0.46 ± 0.13 mm). The temporary separation was more effective in the upper arch and less effective when an initial biological interdental spacing was present. The biological interdental spacing does not influence the performance of proximal caries detection methods in primary molars, and temporary tooth separation provides spacing narrower than 1.0 mm.
Introduction
Tight contact points between the proximal surfaces of the primary molars could be associated with an increased risk of the presence and activity of proximal caries, [1] [2] [3] as the initiation and progression of proximal caries lesions are related to higher plaque accumulation in these conditions. 4 In certain quadrants of the primary dentition, the presence of spaces is typical, particularly in Baume type I dental arches. 2, 5 However, proximal caries is more frequent in children with Baume type II arches. 5 Since closed proximal spaces in the primary teeth are strongly correlated with caries occurrence, different methods of caries detection have been studied. 3, 6, 7 Contact points hamper direct visual inspection of
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caries lesions in the primary molars; therefore, radiographs and fluorescence methods have been employed to assist dentists in detecting proximal caries lesions more sensibly. 3, 8, 9 Another viable alternative is separating the teeth temporarily using orthodontic rubber rings. 10 Many authors have suggested that this method promotes a spacing from 0.2 to 1 mm, [10] [11] [12] [13] but no previous study has evaluated the separation efficacy.
Although several reports have been published concerning the performance of different methods in detecting proximal caries lesions in the primary teeth, 3, [6] [7] [8] 14 the influence of interdental spacing on the performance of these methods has not yet been studied. Moreover, associated factors related to the efficacy of temporary separation in the primary teeth require further studies to evaluate the benefits of this method.
Therefore, we aimed to investigate the influence of biological interdental spacing on the performance of different methods in detecting proximal caries lesions in the primary teeth. Furthermore, we also evaluated the efficacy of temporary tooth separation and its associated factors.
Methodology
This study was approved by the local Committee for Ethics in Research. Written informed consent was obtained from all of the children's parents or legal guardians prior to the evaluations. Thus, 76 children seeking dental treatment at School of Dentistry of University of São Paulo were randomly selected using the enrollment or history form of each child, without access to their oral health condition. The recruited subjects had at least one primary molar in contact with the adjacent tooth. The contact points of interest were on the distal surfaces of the first primary molars, the mesial surfaces of the second primary molars and the distal surfaces of second primary molars, only if the first permanent molar was present. The mesial surfaces of the first primary molars were excluded because of the common presence of space in these sites. Teeth with frank proximal cavitations or restorations (absence of marginal ridge) and hypoplastic defects were also excluded. Finally, 344 proximal sites were evaluated. All of the participants who presented a need for restorative treatment attended the Dental Clinic of our school. Preventive measures (diet and oral hygiene instructions) were also performed for all of the children.
Concerning the presence of proximal caries lesions, all of the surfaces of interest were assessed in individual clinical sessions using a pen-type laser fluorescence device (LFpen), the DIAGNOdent pen (Kavo, Biberach, Germany), visual inspection and radiographic methods, applied in a randomized order. Graduate students with experience in caries diagnosis conducted all of the examinations in all of the children. The methods and their performances in detecting proximal caries lesions, the training of the examiners and the calibration process were previously described in greater detail. 3 The examiners used the International Caries Detection and Assessment System (ICDAS) for the visual inspection. 15 For the radiographic examinations, bitewing radiographs were taken from each side (two radiographs for each child) with bitewing holders (Jon Han-Shin PF 682, Jon Ind., São Paulo, Brazil). Kodak Insight radiographic films (22 × 35 mm, Eastman Kodak, Rochester, USA) were used. If the child did not accept the holder, a bitewing was constructed using adhesive tape. A probe tip 1 (for approximal surfaces) of LFpen was used for the measurements according to the manufacturer's instructions. The higher value of the two measurements of each proximal surface was recorded for statistical analyses.
All of the methods were individually performed. For the visual inspection, the cut-off point to indicate the presence of caries lesion was a score of 1 from ICDAS. For the radiographic method, radiolucency visible in the enamel was classified as the presence of caries lesions. For the LFpen method, the best cut-off point to indicate the presence of caries lesion was 6, as determined in a previous study. 3 After using the different caries detection methods, stainless steel strips (Coraldent, São Paulo, Brazil) with different standardized thicknesses (0.10, 0.20, 0.25, 0.30, 0.40 and 0.50 mm) were used to measure the biological spacing. Then, orthodontic rubber rings with a thickness of 4 mm (Morelli, Sorocaba, Brazil) were placed around the selected contact points for 7 days. In case of the loss of the rubber, this procedure was repeated. The spacing obtained after the elastomeric separation, immediately after the removal of the rubber rings, was also assessed. If the proximal spacing was greater than 0.50 mm, two or more steel strips were combined, and their thicknesses were summed. Subsequently, two examiners (RM and TFN) assessed the surfaces to detect the presence of caries lesions (non-cavitated or cavitated), and this evaluation was considered to be the reference standard method.
Several series of multilevel analysis were performed. First, we evaluated the influence of the biological interdental spacing on the performance of the proximal caries detection methods. The exploratory variable was the presence of biological proximal spacing with no temporary separation (dichotomous variable; no spacing versus with spacing). The outcomes were the proportions of false positive (with true negative as a reference) and false negative (with true positive as a reference) determinations obtained with the different methods separately (visual inspection, radiographic and LFpen methods). For these analyses, multilevel logistic regression was conducted, and the odds ratios (ORs) and 95% confidence intervals (95% CIs) were calculated. Multilevel analysis was employed because the caries detection methods are performed in each proximal surface (first level), but the spacing is associated with two surfaces (level 2).
Subsequently, multilevel linear analysis was performed, the outcome of which was the spacing obtained after temporary separation (in mm). The explanatory variables related to the child (second level) were age (in years), dentition (primary or mixed) and gender (male or female). The variables related to the proximal space (first level) were arch (upper or lower), spacing before separation (in mm) and site (between 1 st and 2 nd primary molars and between 2 nd primary molar and 1 st permanent molar). The regression coefficients (β) and standard errors (SE) were evaluated. For all of the analyses, we used MLwiN 2.10 software (Centre for Multilevel Modeling, Bristol, UK), and the level of significance was set at 5 %.
Results
A total of 76 children (32 males and 44 females) aged 4-12 years (mean ± standard deviation [SD] = 7.4 ± 1.6 years old) participated in the study. The mean ± SD of the dmf-t plus of these children was 3.82 ± 4.43 (range = 0 to 20).
Most of the proximal sites included in our study (94.2%) did not present biological spacing (Table 1) . The teeth that presented a wider biological spacing were mostly found in the upper arch (OR = 2.93; 95% CI = 1.00 to 8.57; p = 0.049).
With respect to the performance of the methods, 102 surfaces were considered to be sound, and 418 were considered to harbor caries lesions (white spot or cavitated caries lesions) using the reference standard method. Independent of the presence of spacing, the false positive and false negative rates obtained with visual inspection were 25.5% and 33.3%, respectively. With the LFpen method, the false positive rate was 17.6%, and the false negative rate was 70.8%, and for the radiographic method, the false positive and false negative rates were 2% and 80.4%, respectively. When the influence of the presence of biological interdental spacing was considered in the analysis, we did not observe any statistically significant influence in either the false positive and false negative results ( Table 2 ). The proportion of false negative or false positive results did not significantly decrease (or increase) with wider interdental spacing.
With regard to the efficacy of temporary separation, the mean ± standard deviation of space obtained after temporary separation was 0.46 ± 0.13 mm. The maximum spacing obtained was 0.8 mm, but this value was only found in two surfaces (Figure 1 ). Temporary separation was more effective in upper arches (p < 0.001), but it was less efficacious when an initial biological proximal spacing was present (p < 0.001) ( Table 3) .
Discussion
The occurrence and detection of caries lesions has been relatively less studied in the primary dentition than in the permanent dentition. 1, 6 The absence of biological spacing between the proximal surfaces of the primary molars is associated with higher caries prevalence. 4, [16] [17] [18] However, the detection of caries lesions at these surfaces can be difficult when tight contact points are present. 3, 19 Several methods have been proposed to aid the clinicians in reaching a better diagnosis and treatment decision at proximal surfaces, including visual inspection, radiography, fluorescence-based methods and temporary separation with orthodontic rubbers. However, the influence of biological interdental spacing on the performance of these methods and the efficacy of temporary tooth separation in children have not yet been studied.
Open contact points would be less susceptible to proximal caries lesions development than closed ones because they are more likely to be self-cleansing or adequately cleaned with tooth brushing and the correct use of dental floss. 1 In contrast, the diagnosis and management of problems associated with restricted access to the proximal area due to contact points can vary with the experience of the professionals. Certain discrepancies could be attributed to different samples or different methodologies. 14, 20 Our results, however, demonstrated that the presence of proximal spacing did not influence the performance of proximal caries detection methods. Most likely, this finding reflects the fact that most of the proximal sites included in our study did not present wide biological spacing.
Nevertheless, closed proximal contact points could hinder the differentiation between white spots and cavitated lesions. 3, 10, 11 This problem could be minimized using temporary tooth separation, which has been widely used in clinical practice and is a non-destructive, reversible and inexpensive technique. 12 The acceptability of this method to children was also demonstrated in previous studies. 12, 14, 21 In contrast to the benefit of the possibility of distinguishing non-cavitated and cavitated caries lesions after temporary separation, occasional discomfort provoked by the placement of the rubber rings and the requirement for two appointments are disadvantages of the method. 10, 14, 22 With regard to the discomfort, however, we observed that the method presented levels of discomfort similar to those of the LFpen and radiographic methods. 23 With regard to the use of temporary tooth separation as a diagnostic aid in pediatric dentistry, a period of one week works well and is administratively convenient.
3,10,13 A separation of 0.2 to 1 mm has been reported, 10-13 but we did not obtain a 1-mm spacing. To the best of our knowledge, only one study measured the efficacy of temporary tooth separation, demonstrating a maximum spacing of 0.2 mm created by the use of different elastomeric separators in permanent teeth. 24 In our study, conducted in children with mixed dentition, 1 we observed a mean spacing of 0.46 mm, with the maximum spacing of 0.8 mm obtained in only two cases. We believe that this space allows the use of a WHO periodontal probe to sound the surface, enabling the correct diagnosis of the surface.
Regarding the use of temporary separation to validate the diagnostic methods, it is a typical reference standard for in vivo studies, although it is not a perfect one. However, dental separation is more difficult in permanent teeth, which are firmly anchored in alveolar bone. 5, 25 In deciduous teeth, this validation method can be useful. Higher values of reliability and a viable differentiation between the presence of white spot lesions and that of cavitations were found. 3, 14 In addition, the reference standard used in our study is closer to patient relevance, permitting to increase the clinical applicability of the study. 26 With respect to the associated factors, the temporary separation was more effective in the upper arch, likely because the upper teeth are less firmly anchored in the alveolar bone than are the lower ones. 23 Furthermore, the temporary separation was less effective when an initial biological proximal spacing was present. A possible explanation is that the presence of pre-spacing facilitates the insertion of orthodontic rubber rings, reducing the separator action against the tight contact point.
Conclusion
The biological interdental spacing does not influence the performance of methods of detecting proximal caries lesions in primary molars. Furthermore, temporary tooth separation provides a spacing narrower than 1.0 mm.
